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Abstract: Citizens are often afraid of electromagnetic 
fields. This creates a need for logging and quantifying 
the exposure to fields in the civil environment. An 
electromagnetic field strength sensor (from 1MHz to 
1GHz) has been developed which is connected to a 
logging system and a modem. The systems output 
level is independent of frequencies i.e. follows the 
standards limit curve. It can be powered by solar cells. 
So it can operate without human interaction anywhere. 
The system can emit a warning when the exposure 
level is exceeded. In normal mode, it transmits the 
logged levels once per week to a central data collection 
system. 
This paper describes the design and operation of the 
system. 
 
I.  INTRODUCTION 
 
The effects of the electromagnetic waves on health are 
not completely known, while the number of wireless 
devices increases from day to day, such as GSM and 
UMTS systems. An organization called ICNIRP [1] 
analysed different studies to determine the effect of 
electromagnetic waves on people. These studies 
determined from which level the electric or magnetic 
field could affect the health of people. This is a 
frequency-dependent curve. 
Citizens would like to know if and to which level they 
are exposed to (uncontrolled) electromagnetic fields. 
Measuring the field using a frequency selective 
receiver or spectrum analyser is expensive. 
Conventional used field strength sensor systems are 
also expensive to use as monitoring equipment. Both 
options require a technician to go out to the designated 
location and do the measurement. Therefore a low cost 
electromagnetic (EM) field strength sensor has been 
developed, which measures the field strength 
continuously. The maximum level is logged and stored 
every few seconds. Once per week the logged data can 
be uploaded to a computer and analysed.  
It had to be a low cost sensor. So many sensors can be 
installed.  
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Fig.1. Monitoring of the electric field in city with 
many sensors. 
 
II.  ICNIRP REFERENCE LEVEL 
 
The protection levels for exposure to time varying 
electric, magnetic and electromagnetic fields are 
published by ICNIRP [1], [2], [3], [4]. 
ICNIRP is a non-governmental group of experts who 
evaluate the effects of non-ionising radiation (NIR) on 
human health up to 300 GHz and if necessary provide 
advice on non-ionising radiation protection. ICNIRP 
establishes the limits for general public, including 
individuals of all ages and of varying health status and 
susceptible groups of individuals. These basic 
restrictions are frequency-dependent.  
• Between 1 Hz and 10 MHz, basic restrictions 
are provided on current density to prevent effects on 
nervous system functions. In the 100 kHz to 10 MHz 
range, restrictions are provided on both current density 
and SAR (Specific Absorption Rate). 
• Between 10 MHz and 10 GHz, basic 
restrictions on SAR are provided to prevent whole 
body heat stress and excessive localized tissue heating. 
• Between 10 GHz and 300 GHz, basic 
restrictions are provided on power density to prevent 
excessive heating in tissue at or near the body surface. 
Health effects and established biological effects 
between 10 MHz and a few GHz are consistent with 
responses to a body temperature rise of more than 1°C.  
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This level of temperature increase results from 
exposure of individuals under moderate environmental 
conditions to a whole body SAR approximately 4 W 
kg-1 for about 30 min. A whole body average SAR of 
0.4 W kg-1 has therefore been chosen as the restriction 
that provides adequate protection for healthy 
individuals (eight hours per day). An additional safety 
factor of 5 is introduced for exposure of the general 
public (twenty-four hours per day including weak, old, 
young persons), giving an average whole body SAR 
limit of 0.08 W kg-1. 
 
Reference levels for exposure of the general public 
have been obtained from those for occupational 
exposure by using various factors over the entire 
frequency range. These factors have been chosen on 
the basis of effects that are recognized as specific and 
relevant for the various frequency ranges. These levels 
allow easier measurements of the exposure to 
determine if the basic restrictions could be exceeded. 
Observing the reference level guarantees satisfaction 
of the corresponding basic restrictions. These different 
levels are shown in Fig.2. 
10
0
10
2
10
4
10
6
10
8
10
0
10
1
10
2
10
3
10
4
axis o f the frequency(H z)
ax
is
 o
f t
he
 e
le
ct
ric
 fi
el
d(
V
/m
)
Frequency [Hz] 
Electric field [V/m] 
 
Fig.2. Reference levels for exposure to time varying 
electric fields. 
 
The electric field has been chosen to represent the 
electromagnetic wave present at the location of the 
sensor. It is also possible to measure the magnetic 
component of this field. That would lead to a different 
type of antenna. Two parameters must be taken into 
account: the electric field level and the frequency. 
The range of frequencies for which to measure the 
electric field has been chosen between 1 MHz and 1 
GHz, although it can be extended about 3 GHz. 
 
III.  THE REMOTE SENSOR 
 
III.1. Antenna 
 
To measure these levels, an antenna with a detector is 
used. It allows having as output just one voltage 
related to the threat level independent of frequency i.e. 
the curve in Fig.2 is compensated by the sensitivity 
curve of the sensor. 
The antenna is a simple patch antenna as drawn in 
Fig.3. 
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Fig.3. Antenna (one for each axis). 
 
The response of this antenna is a rising slope up to 
approximately 400 MHz as drawn in Fig.4. Its basic 
characteristic (up to the flat portion) is that of a 
capacitive probe. 
          
 
10
6
10
7
10
8
10
9
-9 0
-8 0
-7 0
-6 0
-5 0
-4 0
-3 0
Output level [dBm] 
Frequency [Hz] 
Theory 
Measurements 
 
Fig.4.  Frequency response of the antenna. 
 
In Fig.4, two curves are drawn. The red curve 
represents the measurements realised in a Crawford 
cell and the blue curve is the theoretical one. 
 
III.2. Detector 
 
A logarithmic detector (Received Signal Strength 
Indicator, RSSI) is used for measurements with a 
bandwidth of 0.1 to 2.5 GHz and a dynamic range over 
80 dB. The linearity is within 1 dB. 
The detector measures the amplitude of the RF signal 
at a time X and converts it to a DC voltage. It will be 
used in the 0.01-2.5 GHz frequency range (the filter 
will correct the 0.01-0.1 GHz frequency range).  
 
III.3.  PRINCI correction 
 
The output of the detector should have a flat response 
because this simplifies the decision whether the 
electric field is exceeded or not. A flat response 
means: an input signal, with field intensity equal to the 
limit value at any frequency within the operation 
range, will give the same output voltage level. To be 
able to design the appropriate filter, the PRINCI is 
determined. 
The PRINCI (reverse of ICNIRP) correction is a 
combination of the antenna response, the ICNIRP 
curve, as given respectively in Fig.4 and Fig.2, and the 
864
response of the detector. The antenna + ICNIRP 
correction is given in Fig.5. 
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Fig.5. Correction of the curve to adapt the received 
electric field strength of the antenna with the ICNIRP 
exposure levels to obtain a flat response. 
 
The response of the RSSI detector is frequency-
dependent, as shown in Fig.6. 
 
 
10
6
10
7
10
8
10
9
-25
-20
-15
-10
-5
0
Gain [dB] 
Frequency [Hz] 
 
Fig.6. Response of the detector. 
 
The total PRINCI is represented in Fig.7. 
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Fig.7. PRINCI correction. 
 
A filter has been designed resulting in this curve, 
within 3dB accuracy. Note that for safety monitoring 
this accuracy is sufficient, because high levels are 
found, more detailed measurements, often as function 
of the frequency, will be carried out. 
 
III.4. Data logging and transmission 
 
A data logger is used to sample and store the DC 
voltages as measured by the antenna, filter and 
detector. The logger samples every 30 ms and max 
hold data over a period of 2 s. These 2 s data store in 
the logger for over a week. Every week the data has to 
be downloaded to a central computer system via a 
modem. A GSM modem has been used in the system 
developed, such as shown in Fig.8. 
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Fig.8.Complete system. 
 
The antenna, filter and detector have been built for the 
x-, y- and z- directions, and the levels for these three 
directions plus their vector sum are logged 
simultaneously (i.e. four values per sample). 
 
 
IV. EXPERIMENTS 
 
Every section of the system has been tested and 
adjusted using calibrated equipment in the EMC 
laboratory. The field strength as function of the time 
has been drawn, as example, in Fig.9. 
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Fig.9.  Field strength as function of time, with 
reference to ICNIRP maximum safe exposure levels. 
 
The Fig.9 presents the measurements realised by the 
complete sensor in a normal environment during one 
hour with samples every 2s. When the electric level is 
around 0.6V, the sensor is in a “normal” electric field. 
When it is around 1V, the sensor is in presence of a 
high electric field, so it is at the exposure limit for 
people. The peaks observed on Fig.9 correspond to 
GSM communications. 
The probe was tested in the presence of the electric 
field defined by the ICNIRP exposure limit with a 
signal generator of Rohde & Schwartz. The output 
power level of the generator versus frequency is 
represented in Fig.10. 
1.0E+00
1.0E+01
1.0E+02
1.0E+03
1.0E+04
1.0E+00 1.0E+02 1.0E+04 1.0E+06 1.0E+08
Electric Field [dBm] 
Frequency [Hz] 
 
Fig.10.  Electric field of the ICNIRP limit with a signal 
generator. 
 
The measurements of the complete probe, presented on 
Fig.11, were realised in a TEM cell. 
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Fig.11. Response of the probe when fed with an 
electric field corresponding to the ICNIRP limit. 
 
 
The Fig.11 shows the flatness of the response of the 
probe over frequency when fed with an electric field 
corresponding to the ICNIRP limit; the probe gives a 
response of a normal field. The probe has an 
approximate average error of 0.4V/m, which is 
negligible considering the lowest level of the limit of 
ICNIRP (28V/m). 
 
 
V. CONCLUSION 
 
A 1MHz-1GHz low-cost field strength monitoring 
system has been developed. The system is feasible and 
can be used for large-scale applications in urban areas 
(schools, parks, buildings, harbours). 
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